The causes of lymphocytosis range from the benign self-limiting response seen in certain infections to frank malignancy (Table I) . It is usually possible to differentiate benign from malignant lymphocytosis on the basis of the clinical picture, the blood film, and a small number of widely available investigations. The further investigation of the few remaining cases has been greatly aided by recent developments in immunophenotyping, chromosome analysis and the detection of immunoglobulin and T-cell receptor gene rearrangement. The identification of monoclonality is not an absolute indication for treatment and the decision whether to undertake this in an individual patient must be based on the clinical picture as well as the nature of the lymphocyte involved.
Investigation of lymphocytosis
The investigation of lymphocytosis is largely determined by the morphological appearance of the cells. The lymphoblasts seen in acute lymphoblastic leukaemia (ALL) rarely cause confusion with proliferations of mature cells and this article is primarily concerned with differentiation of the reactive lymphocytoses from the chronic lymphoproliferative disorders.
Clinical picture
The age of the patient, the duration of symptoms and a history of bleeding, recurrent infections or symptoms of anaemia will provide a substantial insight into the likely underlying cause. Chronic, malignant lymphocytoses are rare in children and young adults, when the commonest causes of lymphocytosis are infective. Such infections may be associated with non-specific malaise or more specific symptoms such as the characteristic whoop in Bordetella pertussis infections or an ampicillininduced rash in glandular fever. Important physical findings are jaundice, lymphadenopathy, hepatosplenomegaly, petechiae, purpura or signs of infection. While all of these are commoner in the malignant lymphocytoses each may be seen in infectious mononucleosis, and cervical lymphadenopathy may occur with a variety of viral infections. Skin infiltration may suggest a T-cell proliferation since malignant T-lymphocytoses are frequently dermotrophic. Fundoscopy is important to exclude haemorrhage, signs of hyperviscosity or chorioretinitis in toxoplasmosis. It is however worth noting that malignant lymphocytosis may initially be diagnosed on a routine blood count with no specific symptoms.
Blood count
The normal lymphocyte count varies with age (Table II) . A lymphocytosis is conventionally defined as a lymphocyte count above 4.0 x 109/1 in adults or 9 x 109/1 in infants. Peripheral blood lymphocytes can be divided into several subpopulations by phenotypic and functional analysis (Table II) .
The magnitude of the lymphocytosis is often less helpful than the appearance of the cells in determining the underlying cause. Infection is usually associated with counts of 10-40 x 109/l although they may be as high as 100 x 109/1. In chronic lymphocytic leukaemia (CLL) the count is usually substantially raised (30-300 x 109/1), although the diagnosis may be suspected with counts as low as 5-10 x 109/1 if their morphological appearance is characteristic. Lymphocytosis of this magnitude in conjunction with marked lymphadenopathy or hepatosplenomegaly is, however, more likely to be It is difficult to distinguish between lymphocyte subsets on the basis of appearance alone. The malignant T-cell disorders, however, tend to have more convoluted nuclei and may contain azurophilic granules. The latter may also be seen in the non-T, non-B large granular lymphocytes or natural killer (NK) cells. (CD8 +) 20-25% B-lymphocytes 5-15% Non-T-non-B-cells 5-25% Further laboratory investigations A limited number of further investigations will exclude the majority of reactive lymphocytoses (Table III) . Abnormalities in hepatic function may reflect infiltration but are also extremely common in infectious mononucleosis and raised transaminases in particular should provide a useful diagnostic pointer. The heterophile agglutinin test (or the Monospot modification) is dependent on the presence of IgM antibodies to the Epstein-Barr virus. The Monospot is negative in cytomegalovirus (CMV) and other infective lymphocytoses and isolation of an organism or the demonstration of a rising antibody titre should aid diagnosis in these cases.
Hypercalcaemia is suggestive of a malignant aetiology and is particularly common in adult T-cell leukaemia lymphoma (ATLL), an aggressive disorder usually seen in patients of Japanese or Caribbean origin and associated with human T-cell leukaemia virus (HTLV) 1 infection.
The presence of an M band on serum protein electrophoresis or immunoparesis is likewise suggestive of a monoclonal disorder.
Further investigation involves determination of the lineage of lymphocyte involved or the demonstration of monoclonality. Immunophenotyping and chromosome analysis are now widely available but analysis of gene rearrangement is still restricted to specialist centres.
Immunophenotype
Different lymphocyte subpopulations can be defined by their expression of cell surface antigens determined by red cell rosetting and a variety of polyclonal and monoclonal antisera (Table IV) . (For review see reference 1.) Staining with monoclonal antibodies (McAbs) will usually determine the lineage of the predominant lymphocytes but will not in general define monoclonality. Reactivity can be ascertained using sandwich techniques with fluorescent anti-mouse immunoglobulin or by It is occasionally not possible to demonstrate monoclonality in B-cell proliferations using the above techniques and in the T-cell proliferations uniformity of phenotype as determined by monoclonal antibodies is not necessarily indicative of a monoclonal population. The demonstration that genes coding for the immunoglobulin heavy and light chains in B-cells and the T-cell receptor for antigen (TCR) in T-lymphocytes undergo rearrangement early in cell differentiation has provided a powerful additional method for the detection of clonality in such cases.10 11 These genes have several structural and functional properties in common. In their germ -line form they exist as discontinuous genetic elements consisting of multiple subsegments coding for constant and variable regions. The latter are subdivided into variable (V), diversity (D) and joining (J) segments. During lymphocyte differentiation rearrangement of the genes for the appropriate receptor is mandatory and is achieved by deletion of segments of DNA. Rearrangement of the immunoglobulin heavy chain It is important to detect the relatively rare mature T-lymphoproliferative disorders (T-PLL, ATLL, Sezary syndrome) since treatment with the adenosine deaminase inhibitor deoxycoformicin may be more effective than standard chemotherapy in these cases.21
In the relatively aggressive chronic lymphoproliferative disorders patients are usually symptomatic at diagnosis or soon after and appropriate therapy should be instituted. The lymphoproliferative disorders are treated predominantly by cytotoxic drugs and the precise treatment depends on the particular disease entity. This is beyond the scope of this article.
